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/This  Is  a  translation  of  an  .unsigned,  article 
appearing  in  Promyshlenhaya  Energetika 
(Industrial  Power  Engineering),  No,  2,  Moscow 
Pebruary  I960,  pages  42-45^/ 


1,  The  purpose  of  technological  and  economic 
calculations  Is  the  selection  of  the  most  economical 
cariant  for  the  solution  of  a  certain  problem  in  order  to 
satisfy  various  national  economic  requirements. 

The  cost  of  production  does  not  give  a  complete  con¬ 
ception  of  its  economy  /efficiency/*  since  it  does  not  take 
'•  into  account  labor  expenditures  for  the  manufacture  of  the 
product  on  behalf  of  society.  Up  to  the  present  time, 
there  does  not  yet  exist  a  generally  accepted  method  for 
determining  the  cost  of.  production. 

The  economy  of  the  variant  must  be  evaluated  by 
•  taking  into  account  Initial  capital  investments  as  well  as 
current  expenditures.  Therefore,  for  a  comparative  cost 
evaluation  of > variants,  we  must  now  use  the  method  of  time, 
during  which  the  product  pays  for  itself,  which  measures 
capital  expenditures  together  with  future  manufacturing 
expenditures,  i.e.,  with  the  cost  of  output. 

Oost  Indices  are  the  deoisive  factor  in  the  techni- 
’  cal  and  economic  evaluation  of  variants,.  The  qualitative 
properties  of  all  the  variants  that  are  being  compared  must 
be  evaluated,  as  far  as  possible,  from  the  cost  angle. 

Only  if  th$  latter  Is  not  feasible,  will  it  be  necessary  to 
l  resort  to  natural  indices,  of  one  type  or  another,  for  a 
supplementary  qualitative  evaluation  of  the  variants, 

>  2.  In  evaluating  the  comparative  economy 

<  /efficiencyj  of  ‘tW°  or  more  variants,  each  of  the  variants 
;  under  comparison  must  be  analyzed,  proceeding  from  the 
conditions  of  its  maximal  economy. 

The  variants  under  comparison  must  be  compared  with- 


In  the  given  system  of  power  installations,  with  the 
premise  of  uniform  |>ower  output  by  each  of  the  variants. 

3.  The  method  of  time,  during  which  the  installa¬ 
tion  pays  for  itself ,• consists  of  the  comparison  of  the 
difference  in  capital  investments  by  variants  with  cost 
economy  according  to  the  formula 


Jfc-JC, 


where  K^  and  are  the  capital  investments  and  the  cost 
of  annual  output,  respectively,  (annual  production  ex¬ 
penditures)  of  the  first  variant; 

Kg  a&d  Co  -  signify  the  same  for  the  second  variant. 

The  time  arrived  at,  during  which  the  installation 
pays  for  itself  -  T,  expressed  in  years,  is  compared  with 
the  standard  time  during  which  the  installation  is 
amortised  -  Tn: 

.  r^r,.  ' 

If  T  equals  Ta,  then  the  variants  under  comparison 
are  of  equal  value; 

if  rcr,, .  then  the  second  variant  (Kg  and  Co)  is 
more  economical*  i.e. ,  it  involves  larger  capital  Invest- 
.  ments  and  smaller  cost  of  production; 

if  r>r.  the  variant  with  smaller  capital  invest¬ 
ments,  Ki,  and  larger  cost  of  production,  0^,  will  be  more 
!  economical. 

It  is  possible  to  intorduce  the  value  of  the 
standard  amortization  period  Tn  directly  into  the  calcula- 
■  tion  formula 

c,+4;ic'‘Sc*+'f;*,‘ 

1  y  N  t  , 

Then  that  variant  will  be  regarded  as  economical 
which  has  a  smaller  total  value,  i.e.,  conforms  to  the 
condition 


c+T/  "***  Minimum.  (3) 

1  The  formula  for  the  'calculation  of  the  method  of 

time,  during  which  the  product  pays  for  itself,  according 
to  expression  £l)  can  be  utilized  only  for  a  comparison  of 
;  variants  in  pairs.  Formula  (3)  can  be  utilized  for  a 
comparison  of  any  number  of  variants  and,  therefore,  is 
,,  more  convenient  in  a  number  of  cases. 

The  inverse  value  to  the  standard  amortization  time 
>  is  designated  as  the  standard  effectiveness  coefficient 
and  is  expressed  by  Formula  (3),  then,  will  assume 


•the  following  form: 

^  a m  ^  w  0  ^  />„/C  *®  Ml^(  H^Nt  W 


This  value,  further  on,  will  be  designated  as  cal¬ 
culated  expenditures.  .  •  •  .  , 

4.  The  value  of  the  standard  amortization  period 
(on  standard  effectiveness  coefficient)  must  be  taken  as 

'uniform  for  all  calculations  in  the  field  of  power  ^ 
engineering  and  as  equal*  over  the  short  term*  to  eight 
years •( standard  effectiveness  coefficient  -  12.5  percent;. 

5.  In  determining  the  calculation  of  expenditures 
according  to  formula  (4),  the  following  must  be  taken  into 

account:  *  .  , 

a)  Cost  0  (annual  production  expenditures)  must 
comprise:  write-offs  for  amortization,  raw  material  ez^ 
penditures,  expenditures  of  fuel,  power  and  other  material 
values,  direct  wages  of  workers  and  employees,  current 
repair  expenditures,  general  shop  and  general  plant  ex- 
penditures,  money  spent  on  social  insurance,  overhead,,  etc. 

.  b)  Oauital  investments  K  must  comprise:  cost  of  the • 
basic  projected  object  KfeasiC,  turnover  funds  K-feurn  and*  in 
certain  cases,  contiguous  capital  investments  Kcont* 

6.  The  determination  of  component  expenditures  jnust 

be  carried  out  by  means  of  comparable  prices.  The  cost  of 
installation  for  power  plants,  as  well  as  expenditures  of 
raw  material ,  fuel,  power,  and  other  materials,  must  be 
taken  into  account  in  accordance  with  their  listed  sales 
prioes.  • 

At  the  existing  system  of  price  formations,  however, 
prices  do  not  fully  reflect  their  national  economic  value, 
and  a  utilization  of  prices  in  technical  and  economic  cal¬ 
culations  may  lead  to  considerable  errors,  distorting  the 
results.  Therefore,  in  cases  where  one  individual  type  of 
expenditure  exerts  a  visible  influence  on  the  results  of 
comparisons*  list  prices  should  "be  substituted  by  the  cost 
'  of  the  production  engaged  in  and  contiguous  capital  invest¬ 
ments  should  be  taken  into  account  in  the  sum  of  capital 
Investments.  (At  calculations  according  to  price  lists, 
contiguous  capital  investments  should  be  left  out  of 
consideration. )  '  . 

7.  Contiguous  capital  investments  (Kcont)  consti- 
tute  capital  investments  in  a  branch  of  industry,  the  out¬ 
put  of  which  is  utilized  as  technological  raw  material  in 
the  projected  object.  Contiguous  capital  investments 
should  be  determined  only  for  industry  branches,  the  out¬ 
put  of  which  is  of  considerable  importance  within  the 
framework  of  capital  investments  or  of  production  cost  oj. 
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;?~$he  enterprise  contemplated*  For  the  latter  industry 
branches,  in  turn,  capital  investments  in  other  branches 
are  required  that  are  connected  with  the  former.  However, 
as  a  rule*  this  cannot  be  computed  with  a  sufficient 
degree  of  exactitude.  - 

In  technological  and  economic  calculations  in  the 
field  of  power  engineering,  contiguous  capital  investments, 
as  a  rule,  must  be  transferred  to  /accounted  for  In/  the 
, fuel  industry  and  the  transportation  of , fuel  and  power  to 
the  consumer.  In  doing  so,  current  expenditures -must  be 
taken  into  account  in  accordance  with  the  cost  of  fuel  and 
of  transportation. 

8.  In  determining  the  value  of  capital  Investments 
one  must  take  into  consideration  that,  apart  from  capital 
investments  in  basic  production  objects  (E^aBjc) ,  invest¬ 
ments  for  setting  up  current  assets  may  be  called  for  (Koa) 
in  the  form  of  indispensable  stocks  of  raw  materials,  other 
materials,  fuel,  semi-manufactured  products  and  other 
objects  that  make  work  performance  possible. 

The  volume  of  funds  required  for  current  operations 
must  be  determined  by  taking  into  account  the  speed  of 
their  turnover.  ■ 

9.  Amortization  write-offs  take  into  account  the 
original  cost  of  the  object  less  its  current  value  (cost 
of  the  values  remaining  after  discontinuation  of  utili¬ 
zation  of  the  objeet)  and  the  expenditures  for  capital  re¬ 
pairs.  The  term  of  service  of  the  object,  at  determining 
amortization  write-offs,  must  be  established  by  taking  into 
account  its  physical  and  moral  wear  and  tear  /deterlora- 
tion7. 

~  Amortization  write-offs  are  computed  in  certain  per¬ 
centages  of  the  original  cost  of  the  object.  In  these 
computations  one  must  abide  by  the  standards  of  amortiza¬ 
tion  write-offs  for  individual  types  of  equipment,  set  up 
by  taking  into  account  the  length,  of  service  and  the 
intensity  of  its  utilization.  In  working  out  amortization 
standards  one  should  take  Into  consideration  that  amorti¬ 
zation  write-offs  prior  to  the  moment  of  their  utilization 
in  a  given  enterprise  can  be  utilized  for  an  expanded  re¬ 
production  in  other  sectors  of  the  national  economy. 

10.  A  computation  of  expenditures  for  electric 
power,  in ; determining  the  cost  of  production,  must  be 
carried  out  by  taking  into  account  the  expenses  for  Its 
transmission  over  the  networks  and,  differentiated,  by  tak¬ 
ing  account  the  fluctuation  in  its  load  diagram  of  con¬ 
sumers  (Tmax)  and  the  degree  of  one*s  /Tts7  participation 
in  the  maximum  load  of  the  system  (km). 

If  the  tariff  does  not  correspond  to  the  require- 


■meats,  it  is  possible  to  determine  the  expenditures  for 
one  kilowatt  hour  of  needed  electric  power  by  the  follow¬ 
ing  formula: 

3, -a (5) 

where  a  are  the  variable  expenditures  of  the  electric 
power  system  with  reference  to  one  kilowatt  hour  of 
electric  power  output  (approximately  equal  to  the  fuel 

component} ;  '  .  , , 

where  b  are  the  constant  annual  expenditures  of  the 
electric  power  system  with  reference  to  one  kilowatt  of  tne 
established  power  of  the  system  (approximately  equal  to 
all  the  expenditures  of  the  electric  power  system  without 
the  expenditures  for  fuel); 

■where  kp  is  the  coefficient  showing  the  power  reserve  of 
the  system  (kp  =1.15  -  1.20);  ,  .  , 

where  Kc  is  the  cost  of  one  kilowatt  of  the  established 
power  of  the  electric  power  system. 

•11.  The  cost  of  electric  power  that  ensures 
coverage  of  losses  should  also  be  taken  into  account,  as 
should  be  the  expenditures  for  usefully  employed  electric 

power.  ,  .  ,  _ 

12.  If,  in  comparing  the  variants,  capital  ex¬ 
penditures  take  place  at  different  times,  the  varients 
should  be  compared  with  reference  to  the  volume ^ of  said 
capital  expenditures.  Hie  expenditures  of  earlier  years 
K0  with  reference  to  the  moment  of  comparison  must  oe 
applied  according  to  the  standard  coefficient  of  effect¬ 
iveness  of  capital  investments  pn  proceeding  from  the 
compound  interest  formula: 

*-*.-<! +pj.  m 

where  K  represents,  the  said  expenditures  over  t  years. 

The  terms  of  installation  of  the  objects  and  the 
distribution  of  capital  investments  by  years  of  con¬ 
struction  are  computed  by  a  summation  of  all  the  annual 
volumes  of  capital  investments  reduced  to  the  moment  of  the 
termination  of  construction: 

K  =  K,0  +  pj~'  +  K,(l  +  '■>*-*  +  * ' ' ' +  m 


where  X  is  the  sum  total  of  the  stated  capital 
investments; 
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,1  where  m»  K2,  * .  i  *t  axe  the  eafijal  ajTest- 

ments  Of  the  corresponding  obstruction  year, 

t  is  the  construction  period  of  the  objeot 
pnm  total  of  said  capital  investments  K, 
arrived  at  by the  variants,  determines  the  calculated  cost 
nrvnRtructina;  the  object  and  is  utilized  in  rurtnei  car 
culations  for  fetermining  the  economy  2eff icie]:ic27  oi  the 

slTCtt  o^eot  ^af=lfo(lWr(4).ti7e  olty 

tobjeot  as  time  passes?  for  instance,  at.an,1“?r!?f  jf.gL 
hv  it  at  a  arowth  of  the  power  load  of  the  electric 

transmission*  line ,  et  c . ,  the  variantsundercomparisonmay 

vary  with  respect  to  the  volume  a2id  SolSe 

of  capital  investments  as  well  as  with  respecttothe 
volume  of  annual  production  expenditures  by  individual 

periods^of ^utilization^  ^  aecegsary  to  reduce  the  t^e“ 

varying  capital  investments  and  annual  expenditures  to  a 

comparable  form,  recomputing  them  as  per  the 

comnletion  of  the  entire  object  according  to  the  establish 

ed^standardof  nationaleconomioeffeqtlreness  of  capital 

investments  pn,  proceeding  from  the  formula  of  compound 

interest.  ^  determination  of  the  economic  expediency  of 
making  supplementary  capital  investmentsforrepairs, 
modernization,  or  substitution  of  ,the  Le 

a  new  one  should  preferably  be  made  by  way  of  comparing  tne 
expenditures,  computed  according  to  each  variant  and 
duced  to  an  identical  power  effect.  •  .. 

Expenditures  in  .conducting  work  with  the  old 

'.  installation  are 


3eT  * 


(#> 


Expenditures  after  the  completion  of  repairs  or 
modernization  are 

i 


«=■  Cp + />.  (K.r + 


(9) 


Expenditures  after  exchange  of  the  old  installation 
for  a  new  one  are 


3n  “C,  +  ^«<^er+^i 


(10) 


where  Gold,  0p,  On  signify  the  cost  of  annual  output  of 
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the  relative  variants; 

K0id  is  the  re-employable  cost  of  the  not-worn- 
out  part  of  the  old  installation; 

Ep,  Kn  is  the  supplementary  capital  investment  of 
the  corresponding  -variants; 

Ki  is  the  liquid  /current~asset7  cost. 

.  If  the  expenditures  defined  by  formula  (9)  or  (10 ) 
will  be  less  than  the  expenditures  given  in  formula  (8), 
then  the  effectuation  of  one  or  another  measure  should  be 
considered  as  economically  expedient. 


Examples  of  Calculations 

Example  Ko.  1  (for  point  12) . 

The  requirement  is  to  compare  two  construction 
variants  of  one  and  the  same  object,  to  be  realized  in 
different  periods  and  in  a  different  order  of  capital 
investments. 

According  to  the  first  variant  of  the  execution  of 
the  execution  of  the  work,  the  total  time  of  its  comple¬ 
tion  t  is  determined  at  four  years.  The  estimated  cost 
of  construction  is  20  million  rubles.  The  order  of 
investments  is  5  million  rubles  annually. 

According  to  the  second  variant  of  the  execution  of 
the  work,  construction  starts  one  year  later  and  is 
completed  in  three  years.  The  estimated  cost  of  construc¬ 
tion  is  21  million  rubles.  The  order  of  investment  of 
the  funds  by  year  is  as  follows:  four,  seven  and  ten 
million  rubles. 

The  effectiveness  coefficient  is  pn  =  12.5  percent 
(the  time  during  which  the  Installation  will  be  paid  for 
is  eight  years). 

y.  ■  The  above  capital  investments,  by  the  time  the 
installation  is  put  into  operation  (calculated  cost  of 
the  object),  determined  according  to  formula  (7),  will 
be : 

First  variant  ■ 

/C  =  K|  {!■+  P*l~X  +  +  Put 

•  :j  +K,<l  +  *jH  +  K«-5(l+0,J2tf'  + 

+  5(1  +0.I25)*+S<i  +  0,»25)+  5  =24,07 

Second  variant 

j  K  ~Kt  <1 + +  *.  Q+Pj~* +JC,~ 

i  -  «(l  +  o,  mr  +  7  (1  +0,125)  +  !0  -  22,94 
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The  second  variant  appears  to  be  more  economical 
despite  the  fact  that  its  estimated  cost  is  higher  by  1 
million  rubles. 

Example  No.  2  (for  point  3). 

The  tequirement  is  to  compare  the  economy  of  two 
variants  of  one  and  the  same  object  differing  from  each 
other  as  to  capital  investments  and  utilization  ex¬ 
penditures. 

.  In  the  first  variant  (reduced  to  the  time  the 
installation  is  put  into  operation),  capital  investments 
are  equal  to  10  million  rubles,  and  annual  utilization 
expenditures  (computed  by  including  amortization  ■write¬ 
offs  )  are  1  million  rubles. 

Capital  investments  according  to  the  second  variant 
are  equal  to  five  million  rubles,  but  annual  utilization 
expenditures  come  to' 2  million  rubles. 

•.  The  standard  amortization  period  is  eight  years 
(standard  effectiveness  coefficient  -  12.5  percent). 

According  to  formula  (1),  the  period  of  time  re¬ 
quired  by  the  installation  to  pay  for  itself  is: 


K, 

A 


K, 


10—5 

-—^5yedrs 


A  comparison  of  the  time  required  to  pay  for  it¬ 
self  with  the  standard  time  of  amortization  points  to  the 
economy  of  the  first  variant. 

The  same  result  is  arrived  at  by  utilising  formula 

(4), 

The  calculated  expenditures  of  the  first  variant 

are  "  -  '  ' 

j  3-C  +  ^-!+WS®:io»2,26 

The  calculated  expenditures  of  the  second  variant 

are 


^bbC*!" 398  2  -f* 0,I25«5«! 2,62J> 


Example  No.  3  (for  point  35. 

The  requirement  is  to  compare  the  economy  of  four 
variants  of  one  and  the  same  object,  the  capital  invest¬ 
ments  and  annual  expenditures  for  which  amount  to: 


K ,a»20  »**N***-  r*W€s  £t 

if,- aCo  ..  C, 

K.-5.0  ..  c, 

a«  —  7,5  „  O* 


1.8 

1.2 

0.8 

0.6 


u 

M 
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‘  The  standard  amortization  time  is  eight  years 

(standard  effectiveness  coefficient  -  12.5  percent). 

At  a  larger  number  of  variants,  it  is  more 
convenient  to  utilize  formula  (4)  for  calculations.  The 
results  of  determining  the  calculated  expenditures  will 
be  as  follows: 


3t  =  Ct  +  p„Ki  —  1.8  +  0,125-2,0  =  205  miltwlisS|| 
3,  =  C,  +  pKK,  «=  U  +  0,125-3,0 ’=  1ST  » 

3,  =  C,  +  p„K,  —  0,8  +  0,125-5,0  =1,42  « 

3«  =  C«  +  pH#C4  =  0.6  +  0,125-75=l^4  .. 


The  most  economical  variant  is  the  third. 

When  applying  foinaula  (1) ,  the  calculations  will 
be  more  complex.  Here  variants  can  be  compared  only  in 

pairs.  , 

This  is  a  comparison  of  the  first  and  second 

variant : 


fl-2 


§ef;- rhh-' '■ *• <: r- 


The  second  variant  is  more  economical. 

This  is  a  comparison  of  the  second  and  third 


variant : 


_  1 - L-~5fii*<8yMr5 

'2—3  C,  —  C,  1,2  — 0,8 


The  third  variant  is  more  economical. 

This  is  a  comparison  of  the  third  and  fourth 

variant : 


rS-O-oTe-12'5 


The  third  variant  is  more  economical. 

The  results  of  the  calculations  have,  of  course, 
coincided,  but  it  is  much  more  convenient  to  carry  out 
calculations  by  means  of  formula  (4). 

Example  Ho.  4  (for  point  13). 

The  requirement  is  to  compare  two  variants  of  the 
construction  of  the  object  that  vary,  as  to  tome,  in 
their  volume  of  capital  investments  and  of  annual  pro¬ 
duction  expenditures.  It  is  known  that  after  t  years 
the  productive  power  of  this  object  must  be  doubled. 
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* 

Two  variants  are  available  for  the  solution  of  this 
problem.  . 

First  variant.  For  the  beginning,  the  utilization 
of  the  object  is  undertaken  only  in  a  volume  required  for 
putting  into  operation  the  potential  necessary  during  the 
first  period.  Toward  the  beginning  of  the  second  period 
(after  t  years),  new  structures  are  added  to  the  object 
for  its  expansion  to  a  volume  required  for  putting  into 
operation  the  supplementary  potential. 

Second  variant.  The  object  is  constructed  from 
the  start  for  its  entire  productive  power.  Basic  capital 
investments  in  the  object  are  made  at  the  start  of  the 
first  period  of  utilization;  at  the  start  of  the  second 
period  of  utilisation,  only  minor  supplementary  capital 
investments  are  necessary. 

Let  us  designate  the  capital  investments  made  at 
the  start  of  the  utilization  of  the  object  according  to 
the  first  variant  as  Kq,  and  according  to  the  second 
variant  as  K£.  Capital  investment's  made  prior  to  the 
start  of  the  second  period  of  utilization  will  be  de¬ 
signated  as  Kq  and  Kg.  The  corresponding  utilization  ex¬ 
penditures  during  the  first  .period  of  utilisation  will  be 
designated  as  C4  and  Ci,  and  during  the  second  period  of 
utilisation  as  0^  and  Dg. 

The  variants  should  be  compared  by  including  in 
the  second  period  a  determination  of  the  calculated 
annual  expenditures  during  the  secsmd  period  of  utiliza¬ 
tion  by  taking  into  account  all  the  previously  incurred 
one-time  and  annual  expenditures. 

Fox-  the  case  on  hand,  the  calculated  annual  ex¬ 
penditures  of  the  second  period  are  determined  by 
variants  by  means  of  the  following  formula: 

3"^c\'  +  P.{K\+K\'y. 

3j*  -  C"  +  p,  +  jtfci -  K\) + 

The  smaller  volume  of  expenditures  points  to  the 
most  economical  variant. 

Let  us  assume  that  the  variants  are  characterized 
by  the  following  data: 

First  variant 

#c[  =  10  *>U»  Ki  = 10  •"W"  "'M* 

c;-j  ..  » 


10 


Second  variant  t 

K'j-U  mm.  #5“ 1  r“b'‘s  ; 

Cj«.l,l  mm.  pj«4  C*  ■»!»• 

The  increase  of  the  object* s  potential  must  he 
accomplished,  in  five  years. 

A  determination  of  the  calculated  expenditures 
Pi!  =  0.125  produces  the  following  result 
First  variant 

3^  -  2.0  +  0.135  (10  +  10H  45  ^ 


Second  -variant 

|  d^»  tl9+0.12s|l7  + 1  +  T57flgr]x 

X|(1+0.I26)»—  «||— 4,*2  *•*** 

The  first  variant  proves  to  he  suitable  from  the 
economy  $ngle  despite  the  fact  that  it  requires  more 
over- all  capital  investments  and  greater  production  ex¬ 
penditures  during  the  second  period  of  utilization. 


DID 
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FOR  REASONS  OF  SPEED  AND  ECONOMY 
THIS  REPORT  HAS  BEEN  REPRODUCED 
ELECTRONICALLY  DIRECTLY  FROM  OUR 
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